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We investigate the possibility for k -essene dynamis to reprodue the primary features of ination
in the early universe, generate dark matter subsequently, and nally aount for the presently
observed aeleration. We rst show that for a purely kineti k -essene model the late time energy
density of the universe when expressed simply as a sum of a osmologial onstant and a dark matter
term leads to a stati universe. We then study another k -essene model in whih the Lagrangian
ontains a potential for the salar eld as well as a non-anonial kineti term. We show that
suh a model generates the basi features of ination in the early universe, and also gives rise to
dark matter and dark energy at appropriate subsequent stages. Observational onstraints on the
parameters of this model are obtained.
PACS numbers: 98.80.-k, 98.80.Cq, 95.36.+x
I. INTRODUCTION
Over the ourse of the past deade, evidene for
the most striking result in modern osmology has been
steadily growing, namely the urrent aeleration of the
universe. The nature of the physial mehanism driving
this aeleration is yet unlear, though there exists an
inreasingly wide variety of approahes that ould theo-
retially aount for the present aeleration. The pro-
posal of a osmologial onstant to generate the late time
aeleration of the universe is onsistent with several im-
portant observations suh as the red-shift of distant su-
pernovae, the power spetrum of the osmi mirowave
bakground (CMB), and the distribution of large sale
struture. However, there is no ompelling theoretial
explanation for its atual value that ould aount for
the osmi oinidene problem as to why the aeler-
ating phase should have begun in a narrow window of
time in the present universe. Nonetheless, observations
have ategorized the energy density of the present uni-
verse to onsist of approximately 23% dark matter, whih
lusters and drives the formation of large-sale struture
in the universe, and 73% dark energy, whih drives the
late-time aeleration of the universe (See [1℄, [2℄, [3℄ and
referenes therein).
Sine the nature of both dark matter and dark energy
are unknown, it is plausible that these two mysterious
omponents of the universe are the manifestations of a
single entity. Several examples of attempts to unify dark
matter and dark energy an be found in the literature (for
instane [4℄, [5℄, [6℄). Further, it is very strongly believed
that there was an early inationary period of the uni-
verse, and the nearly sale independent density pertur-
bations produed during ination have left a faithful im-
print on features of the CMB power spetrum. The idea
that a single or similar mehanism ould be responsible
∗
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for aelerating evolutions of the universe both at early
and late times has reeived the attention of physiists
with models onstruted to explain ination and dark
energy using a single salar eld (for eg. quintessential
ination [7℄). Apart from the above ategory of models,
shemes that try to unify dark matter and ination an
be found in the literature (for instane [8℄). Also there
have been attempts to unify ination, dark matter and
dark energy (for instane [9℄). In this paper our moti-
vation is to explore a possibility for ahieving a triple
uniation, viz. ination, dark matter and dark energy
within the ontext of the same model. With this aim
we investigate the dynamis of a k -essene salar eld
model.
The idea of k -essene motivated from the Born-Infeld
ation of string theory [10℄, was rst introdued as a pos-
sible model for ination [11℄, [12℄. Later, it was noted
that k -essene ould also yield interesting models for the
dark energy [13℄, [14℄, [15℄, [16℄, [17℄, [18℄. A parallel
mehanism for produing the late time aeleration of
the universe through the dynamis of salar elds, viz.
quintessene [19℄, has also gained a lot of popularity in
the literature. In most of the quintessene models the
late time dynamis is dominated by the potential for the
salar eld. A ruial dierene between quintessene
and k -essene is that the latter lass of models ontain
non-anonial kineti terms in the Lagrangian. In this
sense quintessene may also be viewed as a speial ase
of k -essene. Another important subset of k -essene is
purely kineti k -essene in whih the Lagrangian ontains
only a kineti fator, i.e., a funtion of the derivatives of
the salar eld, and does not depend expliitly on the
eld itself. Suh models were in fat, the rst ones inves-
tigated in the ontext of ination [11℄. In this ontext,
they suessfully yield exponential ination, but suer
from the graeful exitproblem.
An interesting attempt was made to unify dark matter
and dark energy using kineti k -essene in [5℄. Though
this model had its share of problems as pointed out by
the author, extensions of the formalism to extrat out
dark matter and dark energy omponents within a unied
2framework have been used also in subsequent works [20℄.
It is worth noting that a purely kineti k -essene leads to
a stati universe when the late time energy density of the
universe is expressed simply as a sum of a osmologial
onstant and a dark matter term. In the present pa-
per we rst provide an argument in support of this fat.
This sets the stage for study of our model whih on-
tains both a potential and a non-anonial kineti term
for the salar eld, but where it is possible to use a part
of the formalism of [5℄, as we show subsequently. We then
develop our k -essene model that auses ination in the
early universe and behaves as purely kineti k -essene in
the late universe and reprodues a osmologial onstant
and a dark matter term in the energy density. In order
to disuss the viability of our model, we further provide
estimates of the the values of the model parameters that
ould be obtained from observational onstraints.
II. PURELY KINETIC K -ESSENCE
A general k -essene Lagrangian an be written as
L ≡ L (φ, X) (1)
where φ is the salar eld and X is dened as
X =
1
2
∂µ φ∂
µ φ (2)
The Lagrangian an be any funtion of the salar eld
and X. In this work we will onsider a Lagrangian of the
type
L = F (X) − V (φ) (3)
Suh a form has previously been studied in the ontext
of k -essene models in [3℄, [21℄,[22℄, [23℄ and its properties
have been disussed in some detail in [24℄. Note though
that another lass of models of the type L = F (X)V (φ)
have also been widely used in the literature [13℄, [14℄,
[15℄, [16℄, [17℄, [18℄.
For purely kineti k-essene one has
L = F (X) (4)
The energy density in these models is given by
ρ = 2X FX − F (5)
where FX = dF/dX , and the pressure p is simply given
by Eq.(4). Therefore, the equation of state parameter
w ≡ p/ρ is
w =
F
2X FX − F (6)
The adiabati sound speed for suh models , following
the onvention of Ref. [12℄, is dened to be
c2s ≡
∂p/∂X
∂ρ/∂X
=
FX
2X FXX + FX
(7)
where FXX = d
2F/dX2 .
Throughout this paper we work in a at Robertson-
Walker metri. Now, the equation for the kineti k -
essene eld is
[FX + 2X FXX ] φ¨ + 3HFX φ˙ = 0 (8)
whih if rewritten in terms of X turns out to be
[FX + 2X FXX ] X˙ + 6HFX X = 0 (9)
This an be integrated exatly [5℄, to give the solution
√
X FX = ka
−3
(10)
where k is a onstant of integration. This solution was
previously derived in a slightly dierent form in Ref. [18℄.
Given any form of F (X ) equation (10) gives the evolution
of X as a funtion of a. This result holds irrespetive of
the spatial urvature of the universe.
Let us now see if the pure kineti k -essene model
ould aount for both dark matter and dark energy in
a straightforward manner. As the most simple hoie for
the onguration of the late time energy density, let us
express the k -essene energy density as
ρ = λ +
C1
a3
(11)
where the energy density is the sum of a osmologial
onstant and matter-like term whih we all dark matter.
Needless to say, suh an expression will hold as the true
energy density of the universe after matter domination
has begun, i.e., when radiation is a negligible fration of
the total energy density of the universe. Now using (10)
we an rewrite the energy density in (11) in terms of X
as
ρ = λ +
C1
k
√
X FX (12)
Equating (5)) (whih gives the expression for the stan-
dard form of the energy density for a purely kineti k -
essene model) with (12) we get a dierential equation
for F given by
FX
λ + F
=
1
2X − C1
k
√
X
(13)
On integrating this equation one gets
F = −λ − C2
(
C1 − 2k
√
X
)
(14)
with C2 being an integration onstant. Note here that
sine x and a are related by Eq.(10), the onstany of C2
with respet to x implies onstany of C2 with respet
to a as well. Now, using the relation (10) one again to
swith bak to the variable a in the expression for F in
Eq.(14), one obtains
C2 =
1
a3
(15)
3Thus, the only solution ompatible with the ansatz
(Eq.(11)) for the energy density is of a onstant sale
fator a. Suh a solution is indeed onsistent with the
spei form for F (X) in Eq.(14) (atually follows from
it). However, sine this solution is not ompatible with
an observationally expanding universe, it rules out our
assumption of the energy density to be of the form ex-
pressed in Eq. (11). We must larify here that we have
assumed that the kineti k -essene energy density to be
exatly of the form of (11), whereas in [5℄, [20℄ the resul-
tant energy density ame out to be approximately of the
form of (11) under ertain assumptions. Therefore, us-
ing purely kineti k -essene we annot hope to unify dark
matter & dark energy, at least exatly in the form of (11).
Nonetheless, our analysis does not rule out other possible
funtional ategorizations of the late time energy density
through whih dark matter and dark energy ould pos-
sibly emerge. One ould also look into other avenues to
ahieve the uniation, and we try to provide suh a way
with our model in the next setion.
III. THE MODEL
We hoose our Lagrangian of the form
L = F (X) − V (φ) (16)
As stated earlier suh forms have previously appeared
within the ontext of k -essene models in Refs. [3℄, [21℄,
[22℄, [23℄ and [24℄. Several funtional forms of F have
been used earlier in the literature. Here we work with a
somewhat general form
F (X) = KX − m2Pl L
√
X + m4Pl M (17)
where K, L and M are dimensionless positive onstants,
and keeping with the spirit of k -essene, the seond term
represents the non-anonial orretion (L2 > 4KM) to
the kineti energy. Our hoie of the form of F (X) is
similar to the type onsidered in Ref. [18℄. Additionally,
we inlude a nonvanishing potential V (φ) given by
V (φ) =
1
2
m2φ2 (18)
In order to make the subsequent analysis more transpar-
ent, espeially while applying observational onstraints
on the parameters, let us rewrite the kineti part of our
Lagrangian in the form
F (X) = B
(
1 − 2A
√
X
)2
− C (19)
where A, B, and C an be expressed in terms of our
original model parameters as
A = m−2Pl
K
L
; B = m4Pl
L2
4K
; C = m4Pl(
L2
4K
−M) (20)
The energy density orresponding to our model turns out
to be
ρ = 2X FX − F + V
= B
(
4A2X − 1) + C + 12m2φ2
(21)
and the pressure is given by
p = B
(
1− 2A
√
X
)2
− C − 1
2
m2φ2 (22)
The Friedmann equation in this ase an be written as
H2 =
8πG
3
(
4A2BX −B + C + 1
2
m2φ2
)
(23)
The equation of motion for the salar eld is obtained to
be
[FX + 2X FXX ] φ¨ + 3HFX φ˙ +
dV
dφ
= 0 (24)
whih in terms of the parameters an be written as
4A2Bφ¨ + 12HA2B φ˙ − 6
√
2HAB + m2φ = 0
(25)
Considering the standard slow-roll approximation for in-
ation we initially take the potential to be muh larger
than the kineti part , i.e. we have V (φ) >> 2XFX−F .
Correspondingly the eld equation (24) approximates to
3HFX φ˙ +
dV
dφ
≃ 0 (26)
and we an write Eq.(23) as
H2 ≃ 8πG
3
(
1
2
m2φ2
)
(27)
The slow-roll parameters for this model are given by
(V ′ = dV/dφ & V ′′ = d2V/dφ2)
ǫ =
1
16πG
(
V ′
V
)2
1
FX
(28)
η =
1
8πG
V ′′
V
1
F 2X
(29)
It an be seen that the slow-roll parameters for this model
are similar to the standard inationary senario, the only
dierene being the extra fators of FX . To ompletely
identify with the standard ase we demand that FX ∼
O (1). Now equating Eqs.(26) and (27) one obtains
√
X ≃ 1
4
√
2A2 B
(
− m√
12πG
+ 2
√
2AB
)
(30)
showing that for the duration of ination X and hene
FX are pratially onstant. The number of e-folds of
4expansion is given by
N =
∫ te
ti
H dt = 8πG
∫ φi
φe
V
V ′
FX dφ
≃ 4πGFX φ
2
i − φ2e
2
=
4πGFX
m2
(Vi − Ve)
(31)
where the subsript `i ' refers to beginning of ination and
`e' refers to the end. Ination ends with ǫ ∼ 1 leading
to
φ2e ≃
1
4πGFX
(32)
Using this in Eq.(31) we get
Vi ≃ m
2
4πGFX
(
N +
1
2
)
(33)
So far the inationary senario in our model is almost in-
distinguishable from a standard salar eld ination in-
volving a haoti quadrati potential. As ination ends
there will be kineti domination sine now the potential
deays and beomes gradually negligible. So for the pe-
riod of kineti domination, Eq.(24) an be approximated
as
[FX + 2X FXX ] φ¨ + 3HFX φ˙ ≃ 0 (34)
i.e., we eetively reover Eq.(8) for kineti k -essene. So
the formalism desribed in setion II arries over. Hene,
using Eq.(10) we get
X =
1
16A4B2
(
2AB +
k
a3
)2
(35)
Then using Eq.(21), and keeping in mind that V is now
negligible, the energy density at this stage is given by
ρ = C +
k
Aa3
+
k2
4A2B a6
(36)
The subsequent evolution of the universe may be de-
sribed as follows. During the initial period of kineti
domination the third term in Eq.(36) dominates. But
that term beomes small quikly (ompared to the ra-
diation term ∼ a−4 that we have not written down ex-
pliitly here) and a period of radiation domination in the
universe ensues. The seond term in Eq.(36) gains promi-
nene in the epoh of matter domination, and we identify
it with dark matter. But as the universe evolves toward
the present era the rst term begins to dominate and
behaves as a osmologial onstant giving rise to the ob-
served aelerated expansion of the universe. The equa-
tion of state parameter after the end of ination is
w =
k2
4A2Ba6
− C
C +
k
Aa3
+
k2
4A2B a6
(37)
We outline the values of w over the various epohs , whih
further supports the above statements :
w ≈ 1 after the end of ination and
before radiation domination
w ≈ 0 during matter domination
w → −1 as a → ∞
Using Eq.(7) the adiabati sound speed turns out to
be
c2s =
1
2AB a3
k
+ 1
(38)
From Eq.(38) we see that the sound speed gradually be-
omes zero as the universe expands. In the next setion
we will show that it is negligible during the era of matter
domination and beyond.
IV. OBSERVATIONAL CONSTRAINTS
We have so far seen that the model onsidered by us
reprodues the primary features of early ination and
gives rise to a matter as well as a dark energy omponent
in the later evolution of the universe. The viability of
this model depends of ourse on the possible values of
the parameters. Let us now use various observational
features of the universe to onstrain the parameters of
our model. We rst disuss the inationary dynamis of
the early universe.
The amplitude of density perturbations is given by
δH ≃ H
2
4π3/2φ˙
= 4
√
2
3
G3/2
V 3/2
V ′
FX
=
4√
3
G3/2mFXφ
2
(39)
Aording to the COBE normalization δH ∼ 2 × 10−5 .
We assume that 60 e-folds of inationary expansion takes
plae. From Eq.(33) this then gives
φ2i FX ≃
60.5
2πG
(40)
Hene using this value in Eq.(39) we get m ∼
1013GeV = 10−6mPl. Again using Eq.(40) we nd
the slow-roll parameters from Eqs.(28), and (29) to be
ǫ (φi) =
1
16πG
4
φ2iFX
=
1
2 (N + 1/2)
= 7.63×10−3 (41)
η (φi) =
1
8πG
2
φ2iF
2
X
=
1
2 (N + 1/2)FX
∼ O (10−3)
(42)
5The tensor-to-salar ratio turns out to be
r = 16 ǫ (φi) = 0.12 (43)
Similarly, the spetral index is obtained as
ns = 1 − 6ǫ (φi) + 2η (φi) ≈ 0.95 (44)
Furthermore from Eq.(33) we see that the initial value of
the potential is
Vi ≈ 1065 (GeV )4 ≪ m4Pl = 1076 (GeV )4 (45)
showing that lassial physis remains valid at the begin-
ning of ination.
All the above alulated parameters are of the same
magnitude as one would get in a standard model of in-
ation based on a quadrati haoti potential. Knowing
the value of m we an also estimate the magnitude of the
kineti omponent during ination, from Eq.(30) to be
X =
1
2
φ˙2 ≈ 1062 (GeV )4 (46)
We ould estimate the above value beause we had as-
sumed that FX ∼ O (1). In view of Eq.(46) and also
sine FX = 4A
2B − 2AB√
X
, this assumption leads to
K = 4A2B ∼ O (1) (47)
where we have used Eq.(20) in the rst equality. Now
when ination ends then using Eq.(32) and the value of
m we see that
Ve =
m2
8πGFX
≈ 1062GeV 4 ≈ X (48)
Thereafter the magnitude of the potential dereases
and the kineti omponent begins to dominate, and as we
saw from Eq.(36) when there is full kineti domination
it will fall of as a−6, quikly paving the way for a radi-
ation dominated universe. After the end of ination the
eld φ ontinues to roll down in the absene of any mini-
mum in the potential. Thus reheating an take plae only
through gravitational partile prodution. Standard al-
ulations [25℄, [26℄ give the density of partiles produed
at the end of ination as
ρR ∼ 0.01 gH4e = 0.01 g
(
8πG
3
Ve
)2
= 0.01 g
(
m2
3FX
)2 (49)
where g is the number of elds whih produe partiles at
this stage, likely to be between 10 and 100. The relative
densities turn out to be
ρR
ρφ
= 0.01 g
(
m2
3FX
)2
8πGFX
m2
= 7.71× 10−14 g
FX
(50)
The numerial value of the radiation density from Eq.(49)
is
ρR ≃ 8.46× 1049 g
F 2X
(GeV )4 (51)
whih if immediately thermalized would give rise to tem-
perature
Te ≃ 3.03× 10
12
F
1/2
X
(
g
g∗
)1/4
GeV (52)
where g∗ is the total number of speies in the thermal
bath and maybe somewhat higher than g. We assume
that immediately after the end of ination there is om-
plete kineti domination so that ρφ ∝ 1/a6. Then we
get
ρR
ρφ
∝ a2 (53)
Hene from Eq.(50) we see that the universe has to ex-
pand by a fator of about 106 to 107 after the end of
ination to beome radiation dominated and at whih
stage the temperature whih goes as T ∝ 1/a is given
by
T ≃ 3.03× 10
5
F
1/2
X
GeV (54)
So we see that radiation domination sets in omfort-
ably before nuleosynthesis. But the above expression
needs some orretion to allow for the period between
the end of ination, when ρφ ∝ 1/a2, and omplete
kineti domination, i.e., when ρφ ∝ 1/a6. Although
this will redue the temperature at the onset of radiation
domination it will still be high enough for a suessful
nuleosynthesis, during whih a temperature around 1
MeV is suient.
So far we have examined the dynamis of the ination-
ary era. We now try to impose onstraints on the model
from the matter dominated era and the present epoh.
We have already shown in Eq.(36) what the late time en-
ergy density of the universe will be. Observations require
that the urrent magnitude of a osmologial onstant be
about 10−12 (eV )4 . So we must have
C ≃ 10−48 (GeV )4 (55)
Further, sine the urrent dark matter density is about
one-third that of dark energy, one has
C
3
≃ k
Aa30
(56)
the subsript ‘0′ signifying the present epoh. Observa-
tions tell us that the fration of the present total energy
density of the universe ontained in radiation is (ΩR)0 ≃
5×10−5 and that ontained in dark energy is (ΩDE)0 ≃
0.73. The present radiation density of the universe is thus
6(ρR)0 =
(ΩR)0
(ΩDE)0
C ≃ 6.94× 10−53 (GeV )4. We denote
the third term in (36) as ρk. It is known that nuleosyn-
thesis ours at a redshift of z ∼ 1010. We assume that
ρR rosses over ρk at a redshift of z ∼ 1012. We then
get
z2 ≃ 4A
2Ba60
k2
(ρR)0 = 4
9
C2
B (ρR)0 (57)
Thus one obtains a lower bound on the parameterB given
by
B ≥ 4× 10−22 (GeV )4 (58)
Now using Eq.(47) we obtain an upper bound on param-
eter A given by
A ≤ 1010 (GeV )−2 (59)
Using the limiting values for the parameters it is found
that the ross-over between the dark matter density and
ρk ours at a redshift of z ∼ 109, and that between
dark matter and radiation ours at a redshift of z ∼
104, i.e., at the epoh of matter-radiation equality. We
also nd that the present value of ρk is
(ρk)0 =
k2
4A2Ba60
≃ 6.94× 10−77 (GeV )4 (60)
and the adiabati sound speed at the epoh of matter-
radiation equality (at a redshift of about 104) is
(
c2s
)
eq
=
1
2ABa3eq
k
+ 1
≃ 1
6B
C z3eq
+ 1
≃ 4.1×10−16
(61)
We an rexpress w from Eq.(37) in terms of the redshift
z . Sine ρk is negligible ompared to the other ompo-
nents, we have
w ≈ −C
C +
k
Aa3
=
−C
C +
k
Aa30
(z + 1)
3
(62)
Therafter it is possible to nd dw/dz . Its value at the
urrent epoh, i.e., at redshift z = 0 using the above
limiting values of A and B from Eqs.(58), (59) turns out
to be
(
dw
dz
)
z=0
≈ 2.733× 10−28 (63)
On the other hand, observations suggest that ination
ended at a redshift of about z ∼ 1028. As we saw in
the analysis on inationary dynamis, radiation omes
to dominate the kineti energy density of the salar eld
after the universe has expanded by about 106 to 107 after
the end of ination. Assuming that ρR rosses over ρk at
a redshift of 1020, and proeeding as before for obtaining
Eq.(58), in this ase we obtain an upper bound on the
parameter B,
B ≤ 4× 10−6 (GeV )4 (64)
and then a orresponding lower bound on the parameter
A (using (47)) given by
A ≥ 250 (GeV )−2 (65)
Using these set of limiting values we nd that the ross
over between dark matter and ρk ours at a redshift
of about 1014, whereas that between dark matter and
radiation remains the same as in the earlier ase. In this
ase (ρk)0 and
(
c2s
)
eq
are given by
(ρk)0 ≃ 6.94× 10−93GeV 4 (66)
(
c2s
)
eq
≃ 4.1× 10−32 (67)
If we use the limiting values of A and B from Eqs.(64)
and (65) in the dw/dz relation obtained from Eq.(62), we
get
(
dw
dz
)
z=0
≈ 1.281× 10−45 (68)
One an also estimate the urrent value of the equation
of state parameter in our model, whih using (37) turns
out to be
w0 ≃ −C
C +
k
Aa30
≃ −C
C + C/3
≃ − 0.75 (69)
It should be noted here that the need to determine the
value of k expliitly did not arise in our alulations. Its
value an be determined from (56), provided we know the
values of A and C, i.e., k is not an independent parameter
in our model. We an further nd out at what redshift
the universe started to aelerate due to the presene of
dark energy. Knowing that for aeleration to begin we
must have w = −1/3, from (62) we nd
zacc ≈ 0.817 (70)
Suh a value for the redshift is in fat quite ompatible
with present observations [28℄. Finally, using Eqs.(58),
(59), (64) and (65) in Eq.(20), one nds that the param-
eter L of our model (17) is onstrained to lie in the range
10−49 ≤ L ≤ 10−41 (71)
and M has to be tuned to satisfy the last relation in
Eq.(20). We thus see that for a hoie of the parameters
K ∼ O(1) and L in the range given above it is possible to
have a k -essene model that not only unies dark matter
and dark energy but also produes ination in the early
universe as well. Note that the requirement of tuning of
one of the parameters, viz., M is to be expeted, sine
7this is merely a restatement of the ne-tuning problem as-
soiated with the osmologial onstant. Further, it may
be noted that the oinidene problem of the standard
ΛCDM osmology is retained at a similar level within
the present framework. In addition to the tuning of the
parameterM , as in the ΛCDMmodel we have used obser-
vations to x the ratio of Ωm and ΩΛ eetively through
our Eq.(56). Though dark matter and dark energy are
generated within a unied framework in this model, the
late time behaviour is quite akin to that of the standard
ΛCDM model with its oinidene problem.
V. CONCLUSIONS
To summarize, we have onsidered a model of k -essene
to study the possibility of produing ination in the early
universe, and susequently generating both dark matter
and dark energy during later evolution in appropriate or-
der. We have rst shown that it is diult to unify dark
matter and dark energy using purely kineti k -essene,
sine the ansatz of a late time energy density expressed
simply as a sum of a osmologial onstant and a matter
term leads to a stati universe. We have presented an al-
ternative model inluding a potential for the salar eld
that ahieves this uniation and also behaves eetively
as purely kineti k -essene at late times. Our model falls
under the lass of models dubbed k -essene whih on-
tain non-anonial kineti terms. We have shown that
our model generates ination in the early universe that
reprodues the basi features of the standard haoti in-
ation model involving a quadrati potential. At the
end of ination when the potential in our model beomes
negligible in omparison to the kineti omponent we
were able to approximate the model as purely kineti k -
essene. The expression for the energy density in terms
of the sale fator a and also for that of adiabati sound
speed were obtained. We found that the resultant en-
ergy density ontained terms that ahieved the unia-
tion of dark matter and dark energy. The adiabati sound
speed ame out to be lose to zero when alulated at the
epoh of matter-radiation equality, thus posing no prob-
lems for struture formation, sine the sound speed de-
reases further as the sale fator inreases. Current ob-
servations quite strongly favour a osmologial onstant
as the soure of dark energy. Our model reprodues a
osmologial onstant at late times. The value of the
urrent equation of state parameter, and the red-shift at
whih the transition to the aelerated phase ours, that
we estimated, lies within observational bounds.
We onsidered a general form for the k -essene La-
grangian ontaining a non-anonial kineti term. We
then used observational onstraints ranging from the in-
ationary era to the subsequent matter and radiation
dominated eras and the present aelerated phase as well
to impose a set of bounds on the model parameters. In
this way we ould provide an estimate of the relative
strengths of the various terms of our model Lagrangian.
It should be pointed out that the form of the potential
hosen for the model, though widely used for its simpli-
ity, is not very realisti and only serves to highlight the
features of the model during the inationary era. Reent
WMAP data analysis [27℄ suggest that the best t po-
tential for ination is a trinomial potential and further
study of our model ould be made by using suh a poten-
tial. Moreover, it would be interesting to investigate the
relation of our model to the dynamis of another widely
used lass of k -essene models where the Lagrangian is
taken to be of the type L = F (X)V (φ). Finally, sine the
onsideration of non-anonial salar eld kinetis in os-
mology was originally motivated by the Born-Infeld [10℄
ation of string theory, and there have been many more
reent string theoreti inputs in osmology suh as the
idea of the landsape [29℄, it should be worthwhile to the
explore the possible origin of generalized non-anonial
ations suh as ours in the low energy limit of spei
string theoreti models.
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